Resumo-Power Line Communications (PLC) is one of the proposed techniques to transmit the return channel for the Brazilian Digital Television System (SBTVD). This paper presents the results of experimental tests and analyzes the possibility of transmission of the return channel in residential and non-residential areas in Brazil.
I. INTRODUCTION
Brazilian Digital Television System (SBTVD) development started in 2004. Several academic institutions and research centres all over the country formed consortia to define the national digital television standard.
One of the aspects to be considered in the process of standardisation is the definition of a return channel (or interactive channel) of the SBTVD, which will allow interactive access by viewers. The return channel will play an important role in the Brazilian government strategy to provide access to the digital world for an increasing number of citizens (digital inclusion).
This article presents the analysis of the use of power line communications (PLC) techniques for the return channel (or interactive channel). Experiments were carried out in some ordinary Brazilian houses and in non-residential areas. Based on the results, important issues are considered and alternative uses of the technique are discussed.
II. PLC TECHNOLOGY
The use of the PLC technology for data transmission over low and medium voltage power lines is not new. In the 1950's, the Ripple Control method was first applied. In low frequencies (between 100 and 900 Hz), it was possible to transmit data at low rates over high voltage power lines (over 100 kV). Only unidirectional communication was allowed. The method is still used nowadays in the control of public illumination in motorways, load switching and billing [1] .
Ever since the deregulation of the telecommunications market (firstly, in the USA and later in Europe and Asia) and because of the growth of the Internet (as a result of advances in signal processing techniques), the world has seen an increase in the demand for communication services. To cope with this, data transmission over power lines seems to be an interesting solution [2] , [3] .
The term Power Line Communications (PLC), also known as Power Line Telecommunications (PLT), is applied to technologies, applications and services related to communication between different users over power lines [4] . To assure adequate coexistence and an efficient separation between systems, the frequency range for communications should be very large in comparison to the frequencies commonly used in power lines (50 or 60 Hz): from 3 to 148.5 kHz for PLC applications in utility companies and from 1 to 30 MHz for home and office applications.
PLC deals are currently split into two categories: last mile access or access up to home addresses and last inch access or inside home access. Some studies point out that the use of PLC would be more efficient than the use of cable or other wireless technologies to provide access inside residences [2] .
Last inch access provides the means for interconnecting a wide variety of equipment on a single local area in-home network. Such network might turn all sockets inside the house into connecting points for personal computers, telephones and accessories and other devices as shown in Figure 1 . PLC is just one of the countless available technologies for the last mile access. Among those are cable modems, different types of xDSL and wireless solutions. None of those is considered to be the best one and PLC does not show any considerable advantage over the other available technologies [2] .
A. Power lines as data transmission media
Electrical power lines are difficult data transmission media, as they were not originally designed for communication purposes. Some of the problems encountered include: variable impedance, noise (typical noise sources are brush motors, fluorescent and halogen lamps, switching power supllies and dimmer switches), high attenuation levels (it depends on many factors, such as, the quantity and nature of the connected load, the size and the topology of the network, the impedance of the wires and must be considered in the electrical channel analysis [2] , [3] , [5] .
Noise in power lines poses a problem to data transmission as it cannot be modelled as white gaussian noise. The wide variety of electrical appliances connected might change the power line characteristics. As you switch on and off electrical appliances, the channel transfer function is altered in time domain. Typical noise sources are appliances that use some sort of switching, either electronic (fluorescent and halogen lamps) or mechanical (brush motors). Noise in power lines might be impulsive or frequency selective in nature and, sometimes, both [2] . Low-voltage power lines when used for data transmission work as an antenna producing electromagnetic radiation. On the other hand, PLC systems use frequency ranges of up to 30 MHZ. This frequency range is reserved for radio applications (short wave radio as well as public services and military use) that might be affected by PLC networks. PLC systems should guarantee low electromagnetic emission and, thus, should operate within some power range (CENELEC [6] suggests maximum output power of 5mW [7] ).
III. RETURN CHANNEL FOR THE BRAZILIAN DIGITAL TV
In Brazil, as the conventional TV does not allow proper interaction between advertisers and viewers, it is gradually becoming obsolete in the commercial sense. The new Brazilian standard to be launched should allow interactivity due to the fact that the television is the most widely used source of information. Once interactivity is accomplished, the digital TV is to pave the way for technology convergence, especially with the Internet, and will considerably change the form and the content of the TV shows currently aired today. Interactive shows, e-commerce, program selection and Internet access are amongst the new services to be available on the Brazilian Digital TV.
In Brazil, 90.3% homes are equipped with colour TV and over 17.5% are equipped with a personal computer (13.2% of which, have Internet access) [8] . Therefore, the arrival of the digital TV is seen as a breakthrough in communications. The main objective of the Brazilian government is to make technology and computers available to the vast majority of citizens. With this aim in mind, the government is investing in research projects to establish a Brazilian digital TV standard.
One of the most intriguing and challenging aspects to be considered, has to do with the definition of the return channel (or interactive channel). The key element in the digital TV standard is the possibility of interaction or capability of reverse communication. People that own old TV sets will still benefit from the introduction of the digital TV technology. By installing a special device, a set-top box, they will be able to watch the shows and take advantage of the interactive channel.
The SBTVD committee is currently studying five proposals for the return channel: data communication channels used in cellular systems (GSM or CDMA); ad-hoc networks; radio frequency; conventional telephone networks with an xDSL modem or a cable modem; power line communications. Other technologies, such as satellite and WiMax, are also under evaluation for such purpose.
In this article, the use of PLC for the return channel is analyzed. Due to the difficulties involved in data transmission and the high proportion of residential areas already covered by power line networks -99.5% according to the Brazilian research institute (IBGE) [8] , PLC seems to be appropriate. Experiments were carried out in residential and non-residential areas. Different parameters such as maximum distance, performance loss, maximum transmission rate, system loading tests and video transmission were analyzed. Based on the data obtained, the use of PLC for the return channel is discussed.
IV. MEASUREMENT PROCEDURES
The experiments were carried out in four ordinary middleclass family houses and in a power plant in Campina Grande, Brazil. The voltage in the area is 220V. Two PLC terminals of the brand
[9] were used in the experiments. The terminals present the following specifications: maximum data rate (14 Mbps), TCP/IP protocol, Ethernet interface, dual voltage (110 V or 220 V), bandwidth (from 4.5 to 21 MHz), maximum distance (500m). A software is included in the package. It supplies real-time data transmission rates. Each terminal was connected to a laptop for data acquisition.
One of the PLC terminals was left connected to a given outlet in an area and the other was connected to the remaining outlets, while measurements were taken. The same procedures were conducted in all areas (residential and non-residential).
The following experiments were carried out:
Maximum distance: In order to measure how the transmission signal changes with distance, the network cable is connected to one of the PLC terminals and connected to a socket. The other PLC terminal is connected to another socket that is located within a given distance from the first one. Then, the level of the received signal is measured. The procedure is repeated for sockets located at larger distances.
Transmission rate:
The software included with the terminals is used to evaluate the average transmission rate of the channel. The same procedure previously described is repeated and the transmission rate obtained in each step is recorded. Performance loss: Based on the data obtained in the previous items, it is possible to evaluate the performance loss (how the transmission signal deteriorates when distance is taken into consideration). The transmission of packets of different sizes was also considered in order to evaluate the average delay time.
Video transmission: Based on the experiments presented in [10] , the quality of an MPEG video broadcast is evaluated. The MPEG video is remotely accessed by the PLC terminals.
V. RESULTS
The software MATLAB was used for graphical analysis of results. Figure 2 shows how the performance deteriorates with distance when no loads are connected to the electrical network. The transmission rate between terminals falls when both terminals are at larger distances. The differences observed between the residences can be explained by the electrical connection of these areas; some residential areas were recently built while others were built almost 30 years ago. It can be seen that the experiments confirmed the specifications of the equipment due to the distance (in the worst cases, the performance is still satisfactory even when terminals are 30m apart as the transmission rate is approximately 3 Mbps). The best performance was found in the industrial case, probably due to its high electrical network. Figure 3 shows the performance deterioration with distance when loads are connected to the electrical network of the tested areas. The variations in the transfer rate are bigger, due to the different types of equipment connected in the residences and in the industrial case. It can be observed that all areas had problems in data transmission with the increase of the distance between the outlets. Most residences had no connection at higher distances. The industrial case showed the best performance again; due to its efficient electrical installation, even in great distances (almost 60 meters) the data rate was around 3 Mbps. Figures 4 and 5 show the results of the relation between packet length versus average response time (with and without load). Several data packets were transmitted, in order to evaluate the data transfer rate. The packet lengths were: 61,3 kb; 113,46 kb; 246,57 kb; 358,3 kb; 511,25 kb; 627,7 kb; 976,5 kb; 1,48 Mb; 2,19 Mb and 5,63 Mb. The results demonstrate that there is not a great influence of the electrical loads on the transmission of an isolated data packet; although, when a data packet stream is continuously sent (as a video, for example), the results are quite different, as it can be seen in the video tests.
The video broadcast experiment was based on [10] . A video file is sent over the network and its quality at the receiving end is evaluated. It is possible to access files with different laptops connected by a PLC terminal. Figure 6 shows the variation in the video transmission with no loading, in order to evaluate the loss of quality of the video. Figure 7 presents the same test with loads connected to the electrical network of the different tested areas.
It can be observed that the video rate experiences some strong attenuation when the home appliances are connected, which interrupts the transmission of the video by PLC. Some specific solutions in order to improve such transmissions are to be implemented by Homeplug Alliance [11] . In the industrial case, there was no interruption in the video transmission; this fact shows that such area, with a good and well-defined electrical network, allows video transmission by PLC with no problems.
VI. CONCLUSIONS
The results confirm the appropriacy of the PLC terminal for home and industrial uses and the specifications done by the manufacturer. The results validate the use of the PLC technology for the return channel on the SBTVD system.
The data transmission tests performed in residential and non-residential areas demonstrate that the first ones are able to support PLC applications, with some restrictions. When the electrical loads are connected, the difficulty to transmit data packets increases; the same situation is observed when the distance between the outlets increases. Some new PLC equipment is being produced for this situation, and in the short run these applications are likely to become robust and popular. For industrial use, PLC equipment worked well with some occasional minor problems that will be avoided with modern PLC devices. The video broadcast experiments showed that the quality of broadcast is better when the network is unloaded. There were problems in broadcasting when there was too much load on the network, and when the PLC terminals were placed at a larger distance, not even audio was intelligible. This poses a problem for the new PLC technology to be adopted as part of the digital TV standard. Some manufacturers are already producing PLC routers for home that present better characteristics. These routers will alllow the transmission of large files and video. For industrial use, no problems were observed during these tests.
Recent research projects have shown that the use of the PLC technology on the return channel should be restricted to low voltage. Therefore, the PLC technology is suitable for the last mile access and the last inch access [2] . The question is how to supply the return channel to homes. As the PLC terminal has an Ethernet interface, it could be easily connected to local TV broadcasting companies. Recent work shows that a hybrid model could be the most appropriate solution.
